Discovering and understanding genetic risk factors for melanoma and their interactions with phenotype, sun exposure, and other risk factors could lead to new strategies for melanoma control. This paper describes the Australian Melanoma Family Study, which uses a multicenter, population-based, case-control-family design. From 2001 to 2005, the authors recruited 1,164 probands including 629 cases with histopathologically confirmed, firstprimary cutaneous melanoma diagnosed before age 40 years, 240 population-based controls frequency matched for age, and 295 spouse/friend controls. Information on lifetime sun exposure, phenotype, and residence history was collected for probands and nearly 4,000 living relatives. More than 3,000 subjects donated a blood sample. Proxy-reported information was collected for childhood sun exposure and deceased relatives. Important features of this study include the population-based, family-based design; a focus on early onset disease; probands from 3 major cities differing substantially in solar ultraviolet exposure and melanoma incidence; a population at high risk because of high ultraviolet exposure and susceptible pigmentation phenotypes; population-based, spouse/friend, and sibling controls; systematic recruitment of relatives of case and control probands; self and parent reports of childhood sun exposure; and objective clinical skin examinations. The authors discuss methodological and analytical issues related to the study design and conduct, as well as the potentially novel insights the study can deliver.
Most early epidemiologic work on genetics and major diseases has been based on multiple-case families, with ad hoc opportunistic sampling generally representing carriers of high-risk mutations. The population-based, case-control-family design was conceived to minimize ascertainment bias and to provide estimates of risk with potentially wider clinical and population health relevance (1) . The Australian Melanoma Family Study takes advantage of this design to investigate genetic, phenotypic, and environmental influences and their interactions on melanoma risk.
Cutaneous melanoma incidence is increasing worldwide in predominantly European populations (2) . In Australia, which has the world's highest incidence of melanoma, age-standardized incidence and mortality rates have increased over the past decade by 14% and 4.4%, respectively (3) . For young Australian adults aged 15-44 years, melanoma is the most common malignancy and one of the leading causes of cancer death (4) .
There is evidence that melanoma might develop through multiple pathways (5) (6) (7) and that interactions among genetic, phenotypic, and environmental factors modify risk (8) (9) (10) . Although progress has been made in recent years (8) , the genetic contribution to the majority of melanomas remains largely unexplained. Further discovery and characterization of genetic risk factors, along with an understanding of how these factors interact, could lead to improved understanding of the mechanisms of melanoma development and stimulate new strategies for melanoma prevention, screening, and treatment.
Here, we describe the objectives, design, population, and methods of the Australian Melanoma Family Study. We outline important features of its design that offer advantages over previous studies of melanoma and discuss the potentially novel insights it can deliver.
MATERIALS AND METHODS

Aims and objectives
The primary aim of the Australian Melanoma Family Study is to investigate the influence of genetic, phenotypic, and environmental factors and their interactions on melanoma risk, particularly before age 40 years. Research questions of interest include the following: characterizing risk associated with both rare ''high-risk'' genetic mutations and common ''low-moderate risk'' genetic variants, which might be sufficiently common to account for a substantial proportion of disease in the population (8) ; timing of vulnerable periods of sun exposure in early life; effect of sun exposure for genetically susceptible individuals; and whether modifiable risk factors for melanoma differ between carriers and noncarriers of genetic variants or by family history of melanoma. Many other issues are also addressable by using the resources of the study, especially as the complex genetic architecture of the disease is unraveled. It has already contributed in this way (11) .
Study design and population-based sampling
We used a population-based, case-control-family study design (1, 12) . Proband recruitment was locally conducted in Sydney, Melbourne, and Brisbane, the 3 largest urban populations in Australia comprising about 50% of the Australian population (13) and accounting for a similar proportion of melanoma incidence (3) . These cities differ substantially in latitude, solar ultraviolet (UV) radiation exposure, and melanoma incidence (Figure 1 ), but they have similar ethnic and demographic composition (14) . Ascertainment was based on population-based, case and control probands residing in these cities' greater metropolitan areas at the time of diagnosis or selection, who could complete an interview in English. Additional ascertainment of spouse/ friend controls and sibling controls was generated from these population-based probands.
Population-based case probands. Eligible case probands were men and women diagnosed between July 1, 2000, and December 31, 2002, with a histopathologically Figure 1 . Map of Australia showing the location of major cities Brisbane, Sydney, and Melbourne, their population, latitude, solar ultraviolet (UV) radiation estimates (23) , and melanoma incidence rates age-standardized to Segi's 1960 world population, obtained from population-based cancer registries, Australian Melanoma Family Study, 2001-2005. F, female; M, male; SED, standard erythemal dose; T, total; UVI, UV index; UVR, UV radiation. UVI is a measure of UVR intensity; it is the maximum biologically effective solar UV radiation for the day and is averaged over 10 or 30 minutes (23); 1 SED is equivalent to an erythemally effective radiant exposure of 100 J/m 2 and is a measure of the cumulative ambient solar UVR (23) .
confirmed first-primary invasive cutaneous melanoma (qualifying melanoma), who were aged from 18 to 39 years at diagnosis. Cases with a previous history of in situ melanoma (n ¼ 5) remained eligible. They were identified through population-based state cancer registries, where notification of cancer is mandatory, and registration is considered to be virtually complete. The cancer registries mailed information about the study to eligible cases after seeking permission from their physician (in Melbourne, after notifying their physician). In Brisbane, the initial approach included a signed letter from their physician and a consent form. In Sydney and Melbourne, consent was sought by the researchers after the case had agreed to have his/her contact details released to the study team. New address details were sought for any returned mail, and nonrespondents were followed up with a reminder letter and telephone calls.
Population-based control probands. Population-based control probands were selected from the electoral roll (registration to vote is compulsory for adult Australian citizens) and were frequency matched to cases by age (within 5 years) and sex using proportional random sampling. They were eligible if they were aged from 18 to 39 years at the time of approach and had no history of melanoma including in situ melanoma.
Spouse/friend control probands. Eligible spouse/friend controls were a spouse, partner, or friend nominated by a case proband as a potential control subject. Spouse/friend controls were eligible if they were at least 18 years of age and had no history of melanoma including in situ melanoma; there were no other age, sex, or residency restrictions.
Relatives of case and control probands, including sibling controls for case probands. Predefined sets of relatives were invited to participate in the study after permission was obtained from the proband or any other appropriate participating relative. All adult first-and second-degree relatives of cases and population-based controls were eligible to participate, that is, parents, siblings (including half-siblings), offspring, grandparents, aunts, and uncles. For spouse/friend controls, first-degree relatives and halfsiblings were eligible, but not second-degree relatives. An unaffected sibling of each case who was the closest in age to and, if possible, the same sex as the case was identified as a ''sibling control.'' Extended families. We used the Cannings-Thompson sequential ascertainment scheme (15) to extend the selection of other relatives from case and population-based control families. According to this scheme, any additional diagnosis of melanoma (either in situ or invasive) for any eligible relative subsequently made eligible all first-degree relatives of the newly identified melanoma case and, should any newly eligible relative have had a melanoma, his/her firstdegree relatives became eligible, and so on.
Ethics approvals and informed consent
Approval for the study was obtained from the ethics committees of the 3 coordinating centers and the cancer registries. All participants provided written, informed consent.
Data collection
Data were collected predominantly between January 2001 and December 2005. Recruitment and interviews were managed by the local study center, and study materials and procedures were standardized across centers. Data entry from questionnaires was performed centrally.
Family pedigree and family cancer history. A summary pedigree was constructed for each family by using a standard pedigree questionnaire. For each ascertained family member, data were collected on gender, date of birth, country of birth, ethnicity, vital status, date of death if applicable, and age at diagnosis and site of known previous cancer diagnoses.
Questionnaires. Consenting probands and relatives completed a lifetime calendar in which they indicated, for each year, their place of residence, place of work or study, number of days spent at work or study each week in both warmer and cooler months, and holiday location. Participants also reported their skin, eye color, natural hair color at age 18, usual tanning and sunburn response to prolonged or repeated exposure of skin to sunlight, use of sunlamps and sunbeds, the density of moles covering their body (based on a 4-level picture scale), and the degree of freckling on the face in childhood and adulthood (based on a 6-level picture scale), and they gave a count of the number of all moles on their back (using picture guides to define the area and describe moles).
A trained interviewer administered structured questionnaires to each participant by telephone. To improve recall, a summary of the completed residence calendar was sent to participants to refer to during the 45-minute interview, in which they were asked to recall their sun exposure at 10, 15, 20, 30, and 40 years of age, and for participants older than age 40 years at interview, also for the most recent decade year of age up to age 70. Questions elicited the frequency of sunscreen use and strength of sun protection factor used, frequency of sunburn and blistering, and time spent outdoors between 9 AM and 5 PM separately for weekdays, weekends, and holidays in both warmer and cooler months. Probands were also asked about the frequency of sun exposure and sunscreen use at the specific anatomic site of the melanoma; for these questions, control probands were assigned a specific site, frequency matched to the expected site distribution in the cases. Participants were also asked about any outdoor beach, swimming pool, or water sport activities between 9 AM and 5 PM on at least 10 days in any year since leaving school, including the years, frequency, duration, and season. Demographic information, ethnicity, and details of previous cancer diagnoses including other skin cancers were also collected. Estimates of total lifetime, age-specific, and average annual sun-related exposures were calculated by established methods (16) . Estimates of ambient UV irradiation exposure were obtained by combining information on annual place of residence with an objective measure of cloud-adjusted, monthly mean ambient erythemal UV radiation (kJ/m 2 ) at each residential location, derived from satellite observations (16, 17) .
Proxy questionnaire data. For probands and sibling controls, data on childhood sun exposure at ages 3, 5, 10, and 15 years were collected by proxy interview with a parent (usually the mother). For deceased or noncompetent eligible relatives, information was obtained on demographic information, ethnicity, and details of previous cancer diagnoses through a proxy interview with any suitable next of kin.
Skin examinations. Skin examinations were conducted for probands and sibling controls at dermatology clinics in Brisbane, Sydney, and Melbourne by dermatologic trainees. All examiners received training on the study protocol, which was based on international guidelines for identifying and recording nevi (18) . Thirty body sites were examined, and separate counts were made for melanocytic nevi of 2-5 mm and >5 mm, raised nevi of !2 mm, and clinically atypical nevi of !2 mm. The number of solar lentigines on the upper back was recorded by using a 6-level picture scale. Reflected skin color, a correlate of melanin content (19) , was recorded (mean of 6 readings) from both the outer and inner part of the subject's left upper arm by use of a hand-held reflectance spectrophotometer calibrated before each session. Height and weight were measured, and natural hair color at age 18 and eye color were recorded by using standard wig hair swatches and eye photographs.
Diagnosis of melanoma and other cancers. Participants reported their own and relatives' histories of melanoma and other cancers. Verification of reported cancers was sought from cancer registries, hospital and pathology records, treating clinicians, general practitioners, and death certificates, when participant or next-of-kin (if participant deceased) consent had been obtained. Verification of reported first squamous and basal cell carcinomas was sought for probands only. All histopathology reports were reviewed centrally by the study team, and sections stained with hematoxylin and eosin were requested for digitized imaging and pathology review.
Blood collection. Blood was requested from all probands and their first-degree relatives, from second-degree relatives if they or any of their offspring had been diagnosed with melanoma, and from parents of any person diagnosed with melanoma. A 20-mL blood sample was collected in ethylenediaminetetraacetic acid (EDTA) tubes by local pathology services and transported to a central laboratory in Sydney within 48 hours of collection. White blood cells were separated on a Ficoll gradient, and plasma was obtained by centrifugation and stored at À70°C. Guthrie spots were obtained from 1 mL of blood. The remaining blood was used for DNA extraction. Buccal swabs were collected from participants who did not wish to give blood.
Follow-up
All participants will be tracked through the National Death Index and state cancer registries' records to prospectively update vital status and cancer incidence and mortality.
Statistical analysis
An overview of the analytical approaches, advantages, and limitations of the population-based, case-control-family design is provided in Table 1 . In analysis of these data, sensitivity analyses will be performed to examine the associations using different control groups and after excluding the 5 cases with previous in situ melanoma.
To provide some indication of the validity of the study design, we report here some results for associations of melanoma with known risk factors (hair color, ability to tan, mole count, family history) using the different control groups, adjusted for potential confounders. Odds ratios and 95% confidence intervals were estimated by using unconditional logistic regression for population-based controls and spouse/friend controls and by using conditional logistic regression matched by family for sibling controls.
RESULTS
Participation of probands
A total of 629 cases, 240 population controls, and 295 spouse/friend controls participated ( Figure 2 ). The main reasons for nonparticipation by eligible cases were inability to contact (21%) and refusal (17%); participation was 54% when calculated as a proportion of those eligible (Brisbane, 64%; Melbourne, 57%; Sydney, 43%) and 76% as a proportion of those contactable. The median interval between diagnosis of melanoma and interview for cases was 10.0 months (25th-75th centile, 6.8-14.1 months). By the end of the data collection period, 14 (2.2%) cases had died.
Participation by population controls was 23% when calculated as a proportion of all apparently eligible controls selected (Brisbane, 34%; Melbourne, 29%; Sydney, 12%). Almost half (43%) of selected population-based controls could not be contacted. Participation as a proportion of those contactable was 42%. A spouse or friend was nominated as a potential control subject by 59% of cases; participation was 80% of those nominated and 47% as a proportion of all participating cases (Melbourne, 61%; Sydney, 42%; Brisbane, 37%). Most participating cases and populationbased controls were female (61% and 63%, respectively); 49% of spouse/friend controls were female.
Participation of relatives
Case, population-based control, and spouse/friend control probands were similarly likely to permit contact with known, living relatives within the ascertainment scheme: 73%, 71%, and 69% of relatives, respectively. A sibling control was identified for 91% of cases, and 43% of them had a skin examination and 64% had a child proxy questionnaire. Fifty-two percent of eligible relatives with a full or proxy questionnaire and 59% of relatives with a blood sample were female. Table 2 shows the total numbers of questionnaires, blood samples, and skin examinations that were collected by degree of relatedness to the probands and by study center. There were, on average, 8.2 full or proxy relative interviews completed and 2.4 relatives' blood samples collected per case family, 6.3 and 1.7 per population-based control family, and 1.7 and 1.2 per spouse/friend control family.
Characteristics of probands
Cases' tumor characteristics were generally similar to all those for the same region, period, and age group as reported Prospective and retrospective cohort approaches can be used to estimate the risk of melanoma for different relative groups, including the incidence of disease in relatives of cases or mutation carriers, and comparison of risks between those for relatives of cases and those for relatives of controls (58, 59) Enables estimation of age-specific cumulative risks and hazard ratios for melanoma associated with family history or with being a carrier of a genetic mutation
Older-onset diseases might result in smaller family sizes; however, in this study, all case probands were aged <40 years at diagnosis.
The associations with environmental and phenotypic factors can be estimated separately for genetically susceptible subgroups and for noncarriers.
Familial relative risks can be estimated for different relative groups.
Permits simple adjustment for ascertainment that maximizes use of family data and gives unbiased estimates with direct inference to the population, in contrast to the multiple-case, family-based study design (1, 12) by the population-based cancer registries (Table 3) . Some differences included a higher proportion of female cases in Melbourne and a slightly lower socioeconomic status of cases and differences in histology in Sydney and Melbourne that are probably due to differences between the study and cancer registries in coding pathology reports. Compared with population data, a higher proportion of controls were born in Australia and had a university degree (Table 4) . Control probands from Sydney had a relatively higher socioeconomic status than the general population, but in each region cases and controls had a very similar mean socioeconomic status index. 
Characteristics of relatives
Of the 355 eligible, ascertained relatives with reported melanoma, 177 (50%) were verified through official records as having had a melanoma. The proportion verified was 55% for first-degree relatives and 47% for second-degree relatives; in first-degree relatives, the proportion verified was 58% for case families, 57% for population-based control families, and 41% for spouse control families. The proportion verified for second-degree relatives was also similar for relatives of cases (47%) and population-based controls (45%).
Of the 629 cases, 97 (15%) reported melanoma and 58 (9%) had a verified melanoma in at least 1 first-degree relative and 187 (30%) and 105 (17%), respectively, in at least 1 first-or second-degree relative. For populationbased controls and spouse/friend controls, a melanoma in at least 1 first-degree relative was reported for 21 (9%) and 27 (9%) families, respectively, and verified for 12 (5%) and 11 (4%) families, respectively. For population-based controls, 51 (21%) reported melanoma, and 28 (12%) had a verified melanoma in at least 1 first-or second-degree relative.
Associations of melanoma with known risk factors
Hair color, ability to tan, mole count, and family history were each significantly associated with odds of melanoma (Table 5) . Results were similar when analyzed separately by using population-based controls, spouse/friend controls, and sibling controls.
DISCUSSION
This study design, which enables the conduct of familybased analyses in addition to traditional case-control analyses, provides several novel advantages and opportunities compared with previous genetic and epidemiologic studies of melanoma risk factors. Here, we expand briefly on the strengths and limitations of the design, some of which are outlined in Table 1 , and discuss methodological issues, such as the potential for selection bias and measurement error. We adopted a population-based, case-control-family design that, in contrast to the multiple-case, family-based study design (which generally represents high-risk mutation carriers), minimizes ascertainment bias and enables simple and direct inference to the population (1, 12) . It can in some circumstances be used to derive more powerful and robust inferences than from a traditional case-control or multiplecase, family-based approach, for example, by selecting for characteristics that are associated with a putative underlying genetic cause, such as early age of onset (diagnosed before age 40 years in our study) (1) . Given that familial risks are greater for earlier onset disease (20) , this approach probably maximizes the prevalence of melanoma susceptibility alleles (1), should improve recall of early life sun exposure, and increases the chance of relatives in earlier generations being alive and willing to participate. We extended the sampling of relatives using the Cannings-Thompson sequential ascertainment scheme, which is a systematic, efficient, and unbiased method for ascertaining families that plausibly carry susceptibility genes (15) . This study design allows study of both rare ''high-risk'' genetic mutations and common ''low-moderate risk'' genetic variants, as well as geneenvironment interactions. The recent genes, environment, and melanoma multicenter population-based, case-control study (21) was motivated by the goal of evaluating the risk conferred by high-penetrance (high-risk) mutations. It used b These data were obtained from the population-based cancer registries and represent all subjects from the Brisbane, Sydney, and Melbourne metropolitan regions, respectively, who were diagnosed with primary invasive melanoma during the study accrual period (from July 1, 2000, to December 31, 2002) and in the same age group (aged 18-39 years at the time of diagnosis).
c v 2 test for association comparing the distribution of melanoma risk factors between AMFS subjects and individuals identified by the cancer registry and excluding missing/unknown data. P values are 2 sided.
d During this period, the Victorian cancer registry did not code the histology of all melanoma subtypes, so, apart from some of the rarer morphologies, most melanomas including ''superficial spreading'' and most ''nodular'' were coded to ''not otherwise specified.'' e Other histologic subtypes (total number of AMFS cases) include the following: malignant melanoma, regressing (n ¼ 9); lentigo maligna melanoma (n ¼ 3); acral lentiginous melanoma (n ¼ 3); and desmoplastic melanoma (n ¼ 2).
f Based on 2001 SEIFA data published by the Australian Bureau of Statistics (www.abs.gov.au), by use of state-wide quintiles. The Index ranks areas on the level of social and economic well-being based on area of residence. SEIFA data were not available from the Victorian cancer registry for Melbourne.
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The Australian population is advantageous for assessing the influence of genetic characteristics and gene-environment interactions on melanoma risk because the presence of strong environmental exposures (e.g., sunlight, range of ambient UV exposures, skin pigmentation characteristics) strengthens causal inference for genetic modifiers of risk for observed genetic characteristics (22) . We maximized differences in ambient UV exposures by recruiting probands from 3 major cities at different latitudes, which differ substantially in ambient UV irradiance and melanoma incidence (3, 23) .
Recruitment of first-and second-degree relatives of case and control probands ensures greater validity of family history and other data compared with most previous studies of melanoma that relied solely on proband reports of family history (24) . In addition, we collected both self and parent reports of childhood sun exposure, enabling us to obtain estimates of sun exposure at very early ages (e.g., ages 3 and 5 years) and to compare proband and parent reports as a reliability measure. The first 10-15 years of life might be a period of particular susceptibility to melanoma initiation from sun exposure (25) .
Poor participation is a potential disadvantage of population-based sampling (26) and in this study was a problem for both cases and controls, particularly population-based controls. An advantage of recruiting spouse/friend and sibling controls is the higher participation achieved. As in other case-control studies conducted with highly mobile, young adults (27) , it was challenging to obtain up-to-date contact details for potentially eligible participants identified in the cancer registry or from the electoral rolls. Cases' participation could depend on their perceptions of the role sun exposure might have played in causing their melanoma, and population-based controls might be more likely to participate if they have a family history of melanoma or other known risk factors, which could introduce differential selection bias (28) . However, poor participation does not necessarily lead to selection bias (26) . It is also probable that valid estimates of gene-environment interactions can be obtained from studies in which high nonparticipation raises concerns about selection bias (29) . There is some evidence from examination of our data that selection bias might not be a major concern in our study. For example, the characteristics of the melanomas reported in cases were similar to those of cases from the same age group in the population. Our controls did differ from the population for some characteristics, such as country of birth; however, populationbased controls and spouse/friend controls had similar proportions of first-degree relatives with reported melanomas. Thus, a family history of melanoma might not be overrepresented in our population-based controls. Our cases and controls were also of similar socioeconomic status. In addition, we demonstrate that the associations between known risk factors (hair color, ability to tan, mole count, family history) and melanoma are consistent with results of recent meta-analyses (24, 30) and were similar when analyzed separately by using population-based controls, spouse/ friend controls, and sibling controls.
Measurement error is also a potential problem in our study, as in other studies of melanoma. Sun exposure is a complex, time-variable exposure that is difficult to measure accurately. Thus, although we collected detailed measures, it is possible that nondifferential measurement errors will attenuate modest associations with melanoma risk (31, 32) . We tried to minimize measurement error by collecting objective clinical measures of skin phenotype and hair and eye color for selected subjects. Ambient UV irradiance estimates derived from erythemal UV measurements matched to places of residence should also be similarly accurate for cases and controls. The study questionnaire has been used elsewhere (16, (33) (34) (35) and has good reliability for capturing total lifetime sun exposure (36) . Reliability is generally moderate for intermittent or single exposures, such as Abbreviation: SEIFA, Socioeconomic Indexes for Areas. * P < 0.05; **P < 0.01; ***P < 0.0001 (2-sided P values for comparison with population data, calculated by using a 1-sample test of proportion for categorical data and a 1-sample t test for continuous data). b Age-adjusted percentages using population data as the standard and excluding participants aged !45 years.
c Based on 2001 SEIFA data published by the Australian Bureau of Statistics (www.abs.gov.au), unadjusted for age. The Index ranks areas on the level of social and economic well-being, and index scores have been standardized to have a mean of 1,000 and a standard deviation of 100 at the Collection District Level. A higher index value indicates less disadvantage. The mean SEIFA values for study participants were derived from the residential postcode at recruitment. For cases, the values were 1,005.1 (Brisbane), 1,047.1 (Sydney), and 1,034.6 (Melbourne). (24, 30) . For mole count, the odds ratios from the meta-analysis are not directly comparable because they are based on mole count on arms (not on the back as in our study); however, we have used the same cutpoints, and a different pooled analysis (60) has shown similar risk estimates for mole counts on the trunk and upper limbs.
b Analyzed by using unconditional logistic regression. Adjusted for age, sex, state, ethnicity (Caucasian, other), reported family history (first degree) of melanoma (none, any), education (junior high school, senior high school, vocational, university), and lifetime cumulative time spent outdoors (quartiles). Excludes spouse controls aged !45 years (n ¼ 33) and cases and controls missing values for any of the covariates (6 cases, 4 population controls, 3 spouse controls).
c Excludes 222 cases with no sibling controls. d Analyzed by using conditional logistic regression (matched by family). Adjusted for age, sex, education (junior high school, senior high school, vocational, university), and lifetime cumulative time spent outdoors (quartiles). Excludes sibling controls aged !45 years and cases and controls missing values for any of the covariates (5 cases; 11 sibling controls).
number of sunburns (36) (37) (38) (39) (40) , and high for phenotype measures (38, (40) (41) (42) . Moderate agreement has also been shown when comparing proxy and self-reports of risk factors (43) . Differential recall bias is a threat to the validity of casecontrol studies of melanoma (44) , especially when there is high public awareness of risk factors (28) . However, most studies have found little evidence for differential recall of total and intermittent UV radiation-related exposures (36) (37) (38) (39) (45) (46) (47) (48) . Some studies reported differential recall of specific exposures, such as ability to tan (41) , but this was not consistent across studies (46) . Recently, Parr et al. (46) quantified recall bias for melanoma risk estimates by comparing both prospective and retrospective measurements of phenotypic factors and UV exposures and found only minor indications of recall bias, which had a negligible impact on risk estimates. Recall bias was not observed in those exposures where it was most expected, such as for solarium use and other UV radiation-related exposures (46, 47) .
The accuracy of self reports of melanoma is relatively poor compared with other cancers (49) , particularly in Australia, mainly because of confusion with common skin neoplasms (49, 50) . Thus, we attempted to verify all reports of melanoma for relatives where consent was provided. The proportion that could be verified (50%) is probably an underestimate as those not verified include 1) relatives who were found not to have melanoma, 2) relatives for whom medical records could not be located because the records were old or unavailable, and 3) relatives for whom consent was not given to check the records. A previous study in Queensland (49, 51) reported similar data for accuracy of melanoma reports in first-degree relatives and prevalence of a confirmed family history for cases. Although cases might be more likely to investigate their family history of disease following diagnosis of cancer and thus more accurately report it than controls (52, 53) , this seems unlikely in our study as the proportion of confirmed melanoma reports for relatives was similar for case and population-based control families.
This population-based, case-control-family study provides a valuable resource for investigating the etiology of melanoma. Results of its analysis may lead to improved prediction of melanoma risk for young adults, indicate important interactions with early life sun exposure that might be relevant to melanoma risk in early and later adult life, and inform surveillance strategies and the rational use of genetic testing for the management of people with a personal or family history of melanoma.
